Modern sanitation services (potable drinking water and safe wastewater disposal) are a cornerstone of public health progress and have contributed to decreased infectious disease morbidity and mortality. In 1950, 64.5% of US homes had complete sanitation services (a flush toilet, shower or bath, and kitchen sink). 1 This increased to 93. 1% by 1970 and to 99.4% by 2000. 2, 3 In 2000, 93.7% of Alaskan homes had complete sanitation, which ranked Alaska last among US states. 3 In rural Alaska, where the vast majority of people are Alaska Natives, a much higher proportion lack basic sanitation facilities. Providing in-home sanitation services is difficult in remote villages where small, isolated populations live in a harsh, cold climate. Although many rural village homes lack in-home water service, nearly all villages have access to safe drinking water. 4 Significant gains in health status indicators have occurred among rural Alaska Natives; however, the ongoing disparity in sanitation services remains unsolved in most of rural Alaska. Furthermore, there is a disparity in infectious disease hospitalizations among Alaska Natives compared with the general US population. 5 To our knowledge, there are no evaluations of the health effects of a lack of modern sanitation services for rural Alaskans. Alaska village residents who live without pressurized in-home water service typically obtain water from a community-based water point and bring it home in 5-gallon (19-L) plastic containers. As of 2000, one third of rural Alaska residents obtained water this way. 4 Although water is available in centralized locations, some families must travel long distances or cross rivers to obtain safe water. This distribution method makes it difficult to obtain adequate amounts of water needed for basic consumption and hygiene practices. 6 Alaska homes lacking pressurized in-home water service also lack flush toilets. Residents use outhouses or in-home waste containers commonly known as ''honeybuckets'' that require manual removal to a centralized waste disposal site or lagoon. Sanitation infrastructure is provided to rural Alaskans by stateand federally funded programs that have provided service first where the greatest number of homes could be served at the lowest cost.
Although it has long been recognized that access to modern sanitation services can reduce morbidity and mortality from gastrointestinal illnesses, recent data have established the important role of adequate water supplies for preventing respiratory diseases. [7] [8] [9] The value of adequate supplies of safe water has been attributed to the prevention of both waterborne diseases, in which the pathogen can be ingested from contaminated water, and water-washed disease, in which hygienic practices such as handwashing and bathing play a role. 10 We sought to describe the relationship between in-home water and wastewater service and the risks of waterborne and waterwashed infectious diseases in rural Alaska. We used existing sanitation service data for rural Alaska along with hospital discharge records, a respiratory disease surveillance system, and a skin infection outbreak investigation to explore whether improved sanitation service was associated with improved health status among rural Alaska Native people.
METHODS Population
The approximately 120 000 Alaska Natives are descendants of the indigenous population and represent 19% of Alaskans. Approximately 60% of Alaska Natives live in rural or remote villages. Of the approximately 170 rural villages, most have fewer than 300 residents, and the vast majority are Alaska Natives. Most villages are not accessible by road; travel between villages is mainly by airplane, snowmobile, or boat. Health care
Objectives. We investigated the relationship between the presence of in-home piped water and wastewater services and hospitalization rates for respiratory tract, skin, and gastrointestinal tract infections in rural Alaska.
Methods. We determined in-home water service and hospitalizations for selected infectious diseases among Alaska Natives by region during 2000 to 2004. Within 1 region, infant respiratory hospitalizations and skin infections for all ages were compared by village-level water services.
Results. Regions with a lower proportion of home water service had significantly higher hospitalization rates for pneumonia and influenza (rate ratio [RR]= 2.5), skin or soft tissue infection (RR = 1.9), and respiratory syncytial virus (RR = 3.4 among those younger than 5 years) than did higher-service regions. Within 1 region, infants from villages with less than 10% of homes served had higher hospitalization rates for pneumonia (RR = 1.3) and respiratory syncytial virus (RR = 1.2) than did infants from villages with more than 80% served. Outpatient Staphylococcus aureus infections (RR = 5.1, all ages) and skin infection hospitalizations (RR = 2.7, all ages) were higher in low-service than in high-service villages.
Conclusions. Higher respiratory and skin infection rates were associated with a lack of in-home water service. This disparity should be addressed through sanitation infrastructure improvements. services are administered by regional Alaska Native-managed tribal health organizations, with some statewide facilities and services shared and coadministered, such as the referral medical center in Anchorage.
Sanitation Services
The Rural Alaska Housing Sanitation Inventory documented water and wastewater service in rural villages from July 2001 through April 2004. Each home was evaluated, and a statewide database was created. We defined ''served'' homes as having pressurized, in-home water service including piped water service from a municipal system or on-site well and septic tank or drain field systems, or ''closed haul'' systems in which water is delivered to storage tanks and distributed throughout the home via internally pressurized plumbing. For the latter, wastewater from flush toilets is held in a storage tank and periodically evacuated by a pump truck. We used data from 6 predominantly rural regions that were defined according to the boundaries of the tribal health care organizations. We defined ''high-service'' regions as those in which 80% or more of homes had service and ''low-service'' as those in which less than 80% were served.
Water service data for 1 region (region A) were used in a village-level analysis. Because water improvements are ongoing, we excluded from analysis villages in which more than 50% of homes had new water service from 1999 through 2004 (5 villages with 2740 persons, or 11.6% of the region's population). We categorized the remaining 47 villages into tertiles according to the proportion of homes served. We analyzed region A's largest town separately because it has near-complete water service and a population approximately 5 times larger than that of the next-largest village. Household size and income data were obtained from the 2000 US Census.
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Regional Disease Rates
Hospital discharge data for the fiscal years 2000 to 2004 for Alaska Natives in Alaska were obtained from the Indian Health Service's (IHS's) Direct and Contract Health Service inpatient data set. 12 These data include patient discharge records from IHS-operated, tribally operated, and community hospitals that were contracted with IHS or with tribes to provide health care services to eligible persons. 13 We selected hospitalizations for the 6 predominantly rural regions and urban Anchorage. Three regions were excluded because of small hospital discharge numbers. Hospital discharges were selected for infectious gastroenteritis, pneumonia or influenza, skin or soft tissue infection, and methicillinresistant Staphylococcus aureus (MRSA) infections for all ages, and respiratory syncytial virus (RSV) for children younger than 5 years. A record was selected if 1 of these diseases was listed among the first 6 discharge diagnoses according to the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM). 14 The definitions of infectious gastroenteritis included diarrhea of determined etiology (bacterial: 001-005, 008.0-008.5, excluding 003.2; parasitic: 006-007, excluding 006.3-006.6; and viral: 008.6-008.8) and diarrhea of undetermined etiology (presumed infectious: 009.0-009.3). Pneumonia and influenza were identified with codes 480 to 487. Skin and soft tissue infections were identified with codes 680 to 682, 684, 686.8, and 686.9. Hospitalizations for MRSA were selected by code V09.0 (infection with microorganisms resistant to penicillins) among codes 038.11 (S aureus septicemia), 482.41 (other bacterial pneumonia caused by S aureus), and 041.11 (S aureus bacterial infection in conditions classified elsewhere and of unspecified site). Infection with RSV was defined as codes 480.1, 079.6, and 466.11. Because patient identifiers were not available, repeated hospitalizations could not be excluded.
Hospitalization rates were calculated per 10 000 persons per year for region of residence. The IHS fiscal year 2002 user population estimates (released March 2002) were used as the denominator. The user population included all Alaska Natives who had received IHS-funded health care at least once over the previous 3 years. 12 We calculated age groupspecific rates, categorizing age as younger than 1 year, 1 to 4 years, 5 to 19 years, 20 to 44 years, 45 to 64 years, and 65 years or older. Rate ratios with 95% confidence intervals (CIs) were calculated with Poisson regression analysis. 15 Age adjustment with the direct method for the user population of Alaska did not substantially change the rates and is not reported.
Disease Rates Within Region A
We conducted ongoing surveillance of hospitalizations for acute lower respiratory tract infections (LRTIs) among children for region A and selected 1999 to 2004 to examine rates by village. 16, 17 We abstracted clinical and laboratory information from the computerized medical records for children younger than 1 year hospitalized at the regional hospital, or in Anchorage or who received contracted medical care at a nontribal hospital. We obtained for each hospitalization the birth dates, admission and discharge rates, ICD-9-CM diagnosis codes and narrative, and RSV test result. We merged duplicate hospitalization data on patients transferred to another hospital. A child was classified as having pneumonia if the discharge diagnoses included 1 of ICD-9-CM codes 480. 1, 485, 486, or 507. Infection with RSV was defined as a hospitalized child younger than 1 year with acute LRTI and a nasopharyngeal aspirate positive for RSV by culture or a rapid identification method (enzyme immunoassay or direct fluorescent antibody). The majority of RSV testing was performed with Directogen (Bectin Dickenson, Cockeysville, MD). Comparable data for all Alaska Natives and for the US general population were obtained from published sources. 17, 18 Skin infection hospitalization data were obtained from an outbreak investigation in region A. 19 We included hospitalizations for skin infections from July 1, 1999, through June 30, 2000, and used ICD-9-CM codes (680.0-682.9) to include carbuncle, furuncle, and cellulitis. The regional hospital laboratory was used to identify all confirmed S aureus cultures from skin infections for the same period. The MRSA infections were defined by a minimum inhibitory concentration of oxacillin at 2 lg/mL or greater. Clinical samples obtained at village-based clinics must be transported to the regional hospital for culture and confirmation, introducing a potential diagnostic access bias. To avoid overestimating infection rates in the 10 villages closest to the regional hospital, whose residents might seek care directly at the hospital-based clinics and hence be diagnosed more often, we excluded from analysis persons from these villages. Population denominators were obtained from the 2000 Census. The c 2 test for trend was used to compare hospitalization rates for villages with differing levels of water service. We adjusted for a potential confounder (number of persons per household) with the Cochran-Mantel Haenszel test comparing high-service to lowservice villages.
RESULTS Rural In-Home Water Service
We obtained water service data from 128 villages and a total of 12 480 homes in the 6 regions. Overall, 73% of homes had in-home water service (range by region: 57% to 100%). Wastewater service was present in 71% of homes; the percentages by region were similar to the proportion of homes with water service by region ( Table 1 ). The high-service regions had 91% of homes with in-home water service compared with 61% of homes in the low-service regions.
Regional Hospitalization Rates and Water Service
Hospitalization rates by region for the 5 infectious disease categories varied by water service level ( Table 2 ). The RSV hospitalization rate for children younger than 5 years was higher in the low-service regions than in the high-service regions (rate ratio [RR] = 3.4; 95% CI = 3.0, 3.8). For all ages, rates for pneumonia and influenza (RR = 2.5; 95% CI = 2.4, 2.7), skin or soft tissue infection (RR =1.9; 95% CI =1.8, 2.1), and MRSA infection (RR = 4.5; 95% CI = 3.6, 5.7) hospitalizations were also higher for low-service regions.
Hospitalization rates for infectious diarrhea did not differ between high-and low-service regions (RR = 0.94; 95% CI = 0.78, 1.2). Diarrhea of undetermined etiology as the only diarrhea-coded diagnosis was reported for only 4.2% of the diarrhea hospitalizations, and the removal of this diagnosis did not affect the overall rate comparison.
Higher pneumonia and influenza hospitalization rates seen among the low-service regions were seen in each age group; however, the overall excess rate was greatest among the very young and the elderly (Table 3 ). The hospitalization rate among children younger than 1 year was 5 times higher in low-service regions than in the high-service regions. For children aged 1 to 4 years and persons 65 years or older, the rates were at least 2 times higher in the low-service regions than in the high-service regions.
Water Service in Region A
In region A, 61% of homes had water service, but service was not uniformly distributed throughout the region (Table 4) . Water service was available in less than 10% of homes for 20 villages (30% of population), in 10% to 79% for 13 villages (20% of population), and in 80% or more for 14 villages (27% of population).
The largest town, with 23% of the region's population, had 99.5% of homes with water service. With the exclusion of the largest town, the other groups of villages were similar in persons per household and mean household income. Villages with less than 10% of homes served had a slightly lower median population than those with a greater proportion of homes served. The population ranges overlapped for all 3 groups, and the largest difference in median village population between groups was 181 persons.
Hospitalization Rates and Water Service in Region A
Among the regions, the highest hospitalization rates for each of the diagnoses were among persons in region A ( Table 2 ). In particular, pneumonia and influenza hospitalization rates among the region's infants (2550 per 10 000) were more than 2 times higher than the rates for any other region (Table 3) . On average, more than 25% of the birth cohort was hospitalized with this diagnosis yearly.
Hospitalization rates for infants with LRTI, pneumonia, and RSV were highest among infants in villages with the lowest level of inhome water service compared with those in other villages (Table 4) . Also, we noted a trend of lower hospitalization rates for infants from villages with increasing proportions of homes served by in-home water service (Figure 1 ). This trend was highly significant for hospitalizations because of LRTI (P = .002) and LRTI with pneumonia (P = .007) and was present, but not statistically significant, for RSV infections and RSV pneumonia.
Relative hospitalization rates of infants from the lowest-service compared with those from the highest-service villages were as follows: LRTI (RR =1.2; 95% CI =1.1, 1.4), pneumonia (RR =1.3; 95% CI =1.1, 1.5), and RSV (RR = 1.2; 95% CI =1.0, 1.6). These rate ratios were similar after adjustment for the number of household members. Compared with the overall US infant population, infants in the lowestservice villages had a 5-times-higher rate of both LRTI and RSV hospitalizations and an 11-times-higher hospitalization rate for pneumonia.
Region A had the highest rate of hospitalization for skin and soft tissue infections and for MRSA infections (Table 2) . Within this region, we observed a significant trend of increased disease rates associated with lower levels of in-home water service for infections caused by S aureus, MRSA, and hospitalizations for skin infections (P < .001 for each; Table 4 ). The risk of skin infections was substantially higher among persons from villages with the least water service than for those villages with the highest water service for each of S aureus infections (RR = 5.1; 95% CI = 3.0, 8.7), MRSA infections (RR = 7.1; 95% CI = 3.6, 14.0), and skin infection hospitalizations (RR = 2.7; 95% CI =1.8, 4.1; P < .001 for each comparison).
DISCUSSION
This is the first study to associate the absence of in-home water service with an increased risk of lower respiratory tract and skin infections among Alaska Natives. Using aggregated data from regions across Alaska, we found that hospitalization rates for pneumonia and influenza, skin and soft tissue infections, MRSA infections, and childhood RSV were 2 to 4 times higher in regions with a low proportion of homes with water service than in regions with a high proportion of homes with water service. Although suggestive, this relation was not entirely consistent and was influenced greatly by high hospitalization rates within region A. However, within region A, we undertook a closer look at disease rates by village-level water service and found that villages with the lowest level of water service (less than 10% of homes served) had the highest hospitalization rates for respiratory infections among infants and for skin and soft tissue infections among persons of all ages. The hospitalization rates demonstrated a typical dose-response group relation in which lower rates were related to progressively higher levels of in-home water service. Because of the study design, these data fall short of establishing a causal relation between water service and infectious disease risks. However, the strength of the association, the dose-response group relation within region A, and the biological plausibility all support the conclusion that pressurized, in-home water service is an important determinant of health status and contributes to reducing transmission of these communicable diseases.
The infectious diarrheal hospitalization rate among Alaska Natives was similar to that among the general US population and did not differ significantly by water service. 20, 21 This may seem unexpected because high diarrheal disease rates are seen in other populations that lack in-home water and wastewater service. However, gastrointestinal disease morbidity and mortality among American Indian and Alaska Native populations has been declining since the 1950s. 13, 20 The current low rates are likely because of the availability of safe drinking water in nearly all villages (even those with no in-home water service); the relatively cold source water, which does not support propagation of waterborne bacterial pathogens; and the population's overall good nutritional status. The diarrheal hospitalization rates were in stark contrast to the disparities noted for respiratory and skin infection rates in lowerwater service villages. Particularly disturbing was the 5-times higher rate of LRTI hospitalizations and 11-times higher rate of pneumonia hospitalizations among infants in lowservice villages in region A compared with the general US population. 17, 18 Because infant pneumonias in region A have been identified as a precursor to chronic respiratory diseases such as bronchiectasis and chronic productive cough, many of these children will likely have ongoing health problems because of these infections. 22, 23 Because respiratory and skin infections are not typically contracted through water, the higher rates in low-water-service villages may appear paradoxical. This is best explained by the important role water plays in preventing respiratory and skin infections through handwashing and other personal hygienic measures. 24 It is known that the availability of pressurized, in-home water service increases both water consumption and hygiene practices. 6, 25 Thus, the availability of potable water appears to have stabilized waterborne disease rates in Alaska, but it is the water-washed diseases that remain health threats for villages lacking in-home water service. Our findings are consistent with other studies that have shown an association between handwashing and respiratory infectious diseases.
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Limitations Some limitations should be considered when one interprets these data. Because of the study design, we cannot be certain that these associations arose from a cause-andeffect relationship. Water service may be a marker for other factors related to these health outcomes. When comparing regions, we could not control for factors such as income, village size, and crowding that might have confounded the associations. However, within region A, these characteristics were either similar across villages or were accounted for. The sanitation survey preceded some of the illness data; thus, some relevant water service improvements may not have been included. This could have led to overestimation of water service differences. In the region A analysis we accounted for this by removing villages that had received water service improvements over the study period. Finally, our study did not include data on outpatient respiratory or gastroenteric infections, personal hygiene practices, water quality, water quantity, or the different water delivery systems in use.
Conclusions and Recommendations
In 1954, Public Law 83-568 established the US Public Health Service Indian health program (later named the Indian Health Service) as responsible for improving the health of Alaska Native people. At that time, infectious diseases caused 46% of all Alaska Native deaths. Providing potable water and safe wastewater disposal services for Alaska Native communities was a primary objective. . Even if this can be achieved, it will leave many rural Alaskans with substandard water and sanitation facilities. Our study indicated that in-home water service is an important determinant of health in rural Alaska communities. Lower levels of water services were associated with a higher burden of hospitalizations for pneumonia and influenza, skin infections, and LRTIs. This finding was suggested by data in region-toregion analyses and is strongly supported by the village comparisons within region A.
These health disparities were borne disproportionately by Alaska Native infants, children, and elderly who resided in low-waterservice villages. Of particular concern was that Note. Comparison rates for all Alaska Natives and all United States from references 17 and 18. a Region A's largest town had water service in almost all homes and was analyzed separately. *P = .08 for trend, region A; **P < .05 for trend, region A. 
